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(57)Abstract 

PROBLEM TO BE SOLVED: To produce a steel excellent in cold workability and induction hardenability, and in which grains are not 
coarsened by induction hardening, to produce parts for machine structures using it as a base material steel and to provide a method 
for producing the same. 

SOLUTION: A steel for cold working excellent in induction hardenability is the one having a compsn. contg., by weight, 0.40 to 0.60% C, 
0 to 0.40% Si. 0.10 to 0.60% Mn, 0.0005 to 0.005% B, 0.005 to 0.05% Nb and 0.015 to 0.10% Al, furthermore contg. 0 to 0.30% Pb, 0 to 
0.10% Bi and 0 to 0.10% Te, and the balance Fe with inevitable impurities, and in which, in the impurities, <0.015% P, <0.015% S. <0.10% 
Cu, <0.10% Ni. <0.15% Cr, <0.10% Mo. <0.005% N and <0.005% O are regulated. Parts for machine structures are ones in which a base 
material steel has the similar chemical compsn., having spheroidized carbides and provided with a quench-hardened layer on the outer 
circumferential part. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By weight %, C:0.40 - 0.60%, Si:0-0.40%, Mn:0.1 0-0.60%, B:0.0005 - 0.005%, Nb:0.005-0.05%, aluminum:0.01 5-0.10% is included. 
Further Pb:0-0.30%, Contain Bi:0-0.10% and Te:0-0.10%, and the remainder consists of Fe and an unescapable impurity. 0.005% or less 
and O are the steel for cold working which P in an impurity was excellent 0.015% or less, and was [ S ] excellent in the induction 
hardening nature 0.10% or less and whose N of 0.15% or less and Mo 0.10% or less and Cr are [ Cu ] 0.005% or less for 0.10% or less and 
nickel 0.015% or less. 

[Claim 2] By weight %, C:0.40 - 0.60%, Si:0-0.40%, Mn:0.1 0-0.60%, B:0.0005 - 0.005%, Nb:0.005-0.03%, Contain aluminum:0.01 5-0.10% and 
the remainder consists of Fe and an unescapable impurity. 0.005% or less and O are the steel for cold working which P in an impurity 
was excellent 0.015% or less, and was [ S ] excellent in the induction hardening nature 0.10% or less and whose N of 0.15% or less and 
Mo 0.10% or less and Cr are [ Cu ] 0.005% or less for 0.10% or less and nickel 0.015% or less. 

[Claim 3] The machine structural steel worker components with which a base material has chemical composition according to claim 1 
or 2, and equips the carbide which spheroidized, and the periphery section with a hardening hardening layer. 

[Claim 4] The manufacture approach of the machine structural steel worker components characterized by carrying out cold working, 
fabricating the steel materials which have the chemical composition according to claim 1 or 2 by which spheroidizing was carried out 
after hot working in a predetermined configuration, and carrying out induction hardening after that 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a machine structural steel worker component and its manufacture approach at the 
steel list for cold working excellent in induction hardening nature. In more detail, the deformation resistance at the time of cold working 
is small, and is excellent in induction hardening nature, and it is related with the machine structural steel worker component which used 
- as the base material the steel for cold working which moreover is not coarse-grain-ized with induction hardening and steel of a low 
cost die, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Conventionally, after machine structural steel worker components, the constant-velocity joint which are 
the circumference components of a guide peg of an automobile especially cut the machine structural steel worker medium-carbon- 
steel steel materials (S45C, S48C, etc.) of JIS by which hot forging was carried out and they carried out fabrication to the 
predetermined configuration, induction hardening of it was carried out, and it was further manufactured by annealing if needed. 
However, since dimensional accuracy was inferior in the case of hot forging, it needed to heavy machine, in order to fabricate in a 
predetermined configuration, and the cost of cutting increased, and it was not able to avoid that the yield became low further. Then, 
dimensional accuracy is high, therefore cold forging which can reduce the amount of cutting has come to be adopted in recent years. 
[0003] When performing the above-mentioned cold forging, in order to lower deformation resistance, spheroidizing is beforehand given 
to a work material. However, since the tool life of cold forging was short since deformation resistance was high even if it performed 
spheroidizing annealing when the above mentioned machine structural steel worker medium-carbon-steel steel materials of JIS were 
used, and deformability was low, also when a crack arose on the components by which cold forging was carried out, it was. 
[0004] The technique of making formability in cold forging improving is proposed variously, securing induction hardening nature to such 
a problem. 

[0005] In order to raise formability in cold forging in JP.1-38847.B and JP.2-47536.B, to them, the content of Si and Mn is held down 
low. and C, B. Ti, and the steel for cold forging that was made to contain Cr if needed and secured induction hardening nature further 
are indicated. However, the steel proposed in each above-mentioned official report contains Ti 0.02 to 0.04% of the weight so that 
clearly also from the publication in the example. Therefore, since it does not fully soften but deformation resistance becomes high even 
rf Ti carbon nitride deposits and it carries out spheroidizing for the precipitation hardening, it is hard to say that formability in cold 
forging is not necessarily good. 

[0006] The steel which combines formability in cold forging and induction hardening nature also in JP,5-59486,A, JP.9-268344.A, JP.9- 
272946.A. JP.9-287054A or JP,9-287055,A is indicated. However, in order that the steel proposed in each above-mentioned official 
report may also fix N and may secure Dissolution B, Ti is included as an essential element. For this reason, even if it carries out 
spheroidizing, it may not fully soften, but deformation resistance may become high, and it may be inferior to formability in cold forging. 
[0007] "The machine structural carbon steel excellent in formability in cold forging and induction hardening nature" which does not 
contain Ti is indicated by JP,2-145744,A. However, if induction hardening of the steel proposed in this official report is carried out, big 
and rough-ization of crystal grain may arise, or since B is not included as an essential element, the desired induction hardening depth 
may not be obtained. Furthermore, since there are many contents of an alloy element compared with the steel which contains B which 
has equivalent hardenability in the case of the steel which does not contain B, the deformation resistance at the time of cold forging 
may become high, and formability in cold forging may be inferior. Furthermore, the scale generated by hot working or spheroidizing 
cannot fall easily due to the process of descaling, and it is hard coming to avoid that require for descaling for a long time, or the 
process becomes complicated. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention was made in view of the above-mentioned present condition, its deformation 
resistance at the time of cold working which makes cold forging the start is small, is excellent in induction hardening nature, and it aims 
at offering the machine structural steel worker component which used as the base material the steel for cold working which moreover 
is not coarse-grain-ized with induction hardening and steel of a low cost die, and its manufacture approach. Specifically the 
deformation resistance at the time of cold working is low 10% or more, moreover, the limitation which the crack as deformability 
generates sets to the JIS machine structural carbon steel of equivalent C content and the rate of a lump is 75% or more. The 
hardening depth set to 400 with Vickers hardness (Hv) when induction hardening is carried out t. The average radius of the induction 
hardening section is set to r, and t/r is 0.3 or more and it aims at the hard spots after induction hardening, i.e., the austenite grain size 
of a hardening hardening layer mentioned later, being seven or more JIS grain-size numbers. In addition, the hard spot after induction 
hardening (hardening hardening layer) points out the thing of the part which becomes 400 or more by Hv. 
[0009] 

[Means for Solving the Problem] The summary of this invention is in the manufacture approach of the machine structural steel worker 
components shown in the machine structural steel worker components shown in the steel list for cold working excellent in the 
induction hardening nature shown in following (1) and (2) (3), and (4). 

[0010] By weight %. (1) C:0.40 - 0.60%. Si:0-0.40%. Mn: 0.10-0.60%. B:0.0005 - 0.005%, Nb:0.005H).05%. aluminum:0.01 5-0.10% is included. 
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Further Pb:0-0.30%, Contain Bi:0-0.10% and Te:0~0.10%. and the remainder consists of Fe and an unescapable impurity. 0.005% or less 
and O are the steel for cold working which P in an impurity was excellent 0.015% or less, and was [ S ] excellent in the induction 
hardening nature 0.10% or less and whose N of 0.15% or less and Mo 0.10% or less and Cr are [ Cu ] 0.005% or less for 0.10% or less and 
nickel 0.015% or less. 

[0011] By weight %, (2) C:0.40 - 0.60%, Si:0-0.40%. Mn: 0.10-0.60%. B:0.0005 - 0.005%. Nb:0.005-0.03%, Contain aluminum:0.015-0.10% and 
the remainder consists of Fe and an unescapable impurity. 0.005% or less and O are the steel for cold working which P in an impurity 
was excellent 0.015% or less, and was [ S ] excellent in the induction hardening nature 0.10% or less and whose N of 0.15% or less and 
Mo 0.10% or less and Cr are [ Cu ] 0.005% or less for 0.10% or less and nickel 0.015% or less. 

[0012] (3) The machine structural steel worker components with which a base material has chemical composition the above (1) or given 
in (2). and equips the carbide which spheroidized, and the periphery section with a hardening hardening layer. 

[0013] (4) The manufacture approach of the machine structural steel worker components characterized by carrying out cold working of 
the steel materials which have the chemical composition of a publication in the above (1) by which spheroidizing was carried out after 
hot working, or (2), fabricating them in a predetermined configuration, and carrying out induction hardening after that 
[0014] In addition, the thing of the part set to 400 or more Hv(s) with hardening as it was already described as the hardening hardening 
layer as used in the field of above (3) is pointed out. 
• [0015] this invention persons performed investigation and examination about the chemical composition of the steel used as the base 
material of the machine structural steel worker components manufactured by carrying out plastic working by cold working, such as cold 
forging, after spheroidizing, and subsequently carrying out induction hardening. Consequently, the following knowledge was acquired. 
[0016] ** Fully soften the steel which does not contain Ti including Nb ( aluminum, and B of a proper amount while stopping Mn content 
low in the usual spheroidizing. Therefore, it compares with the JIS machine structural carbon steel of equivalent C content, the 
deformation resistance at the time of cold working is low, and, moreover, deformability is large enough. 

[0017] ** Even if the steel which chose the proper content of Mn, 1Mb, aluminum, and B, and restricted the content of N as an impurity 
element does not contain Ti, it has good induction hardening nature. And crystal grain does not make it big and rough with the usual 
induction hardening, and a with a JIS grain-size numbers of seven or more austenite grain size is obtained. 

[0018] ** The steel which chose the proper content of C, Mn, Nb, aluminum, and B, and restricted the content of N as an impurity 
element can be filled easily [ t/r described above with induction hardening / 0.3 or more ]. And crystal grain does not make it big and 
rough with the usual induction hardening, and a with a JIS grain-size numbers of seven or more austenite grain size is obtained. 
[0019] ** In the steel which adds Ti in the viewpoint of N immobilization, into the steel, big and rough TiN is distributing and lower the 
rolling life of components. 

[0020] This invention is completed based on the above-mentioned knowledge. 
[0021] 

[Embodiment of the Invention] Hereafter, each requirement for this invention is explained in detail. In addition, "% of the content" of a 
chemical entity means "% of the weight." 

[0022] (A) C:0.40 - 0.60% of chemical composition C of base material steel is the element which affects induction hardening nature, and 
it is an element effective in securing the hardness and the depth of a hardening hardening layer, and giving a desired mechanical 
property to machine structural steel worker components. However, the content is deficient in the addition effectiveness at less than 
0.40%. On the other hand, when it is made to contain exceeding 0.60%, cold-working nature may deteriorate, without fully softening, 
even if it carries out spheroidizing, or degradation of toughness and generating of a quench crack may be caused. Therefore, the 
content of C was made into 0.40 - 0.60%. 

[0023] Si: It is not necessary to add Si 0 to 0.40%. If it adds, there is effectiveness which raises stabilization and reinforcement of 
deoxidation of steel. In order to acquire this effectiveness certainly, as for Si, it is desirable to consider as 0.05% or more of content. 
Moreover, since the steel with which Si was added generates the fire light (Fe2Si04) which is a low-melt point point oxide during 
heating for hot working, descaling nature will become very good if it heats more than the melting point (1 173 degrees C). Especially this 
effectiveness is large when the content of Si exceeds 0.15%. However, if the content exceeds 0.40%, the deformation resistance at the 
time of cold working will become large, and will cause the fall of cold-working nature. Therefore, the content of Si was made into 0 - 
0.40%. 

[0024] Mn: 0.10 - 0.60%Mn is an effective element in order to secure reinforcement, while fixing S in steel and raising hot-working 
nature, and it needs making it contain 0.10% or more. On the other hand, if the content of Mn exceeds 0.60%, deformation resistance will 
become large and will cause degradation of cold-working nature. Therefore, the content of Mn was made into 0.10 - 0.60%. In addition, 
as for Mn content, considering as 0.10 - 0.40% is desirable. 

[0025] B:0.0005 - 0.005%B is an element effective in securing good induction hardening nature, without checking cold-working nature. 
However, the content is deficient in the addition effectiveness at less than 0.0005%. On the other hand, if it is made to contain 
exceeding 0.005%. about [ that the effectiveness is saturated ] and grain boundary embrittlement may be caused. Therefore, the 
content of B was made into 0.0005 - 0.005%. 

[0026] Nb: 0.005-0.05%Nb is an element effective in securing good induction hardening nature, without checking cold-working nature 
greatly. Furthermore, it is effective also in big and rough-ized prevention of the crystal grain at the time of induction hardening. 
However, the effectiveness of a request of the content at less than 0.005% is not acquired. On the other hand, when it exceeds 0.05%, 
making deformation resistance increase may not be avoided, and big and rough non-dissolved carbon nitride may remain, and 
degradation of cold-working nature may be caused. Therefore, the content of Nb was made into 0.005 - 0.05%. In addition, considering 
as 0.03% is desirable, and if the upper limit of Nb content is made into 0.02%. it is much more desirable. Furthermore, the upper limit of 
desirable Nb content is 0.015%. 

[0027] aluminum: aluminum has deacidification 0.015 to 0.10%. Furthermore, since a nitride is generated and N in steel is fixed, there is 
an operation which controls work hardening at the time of cold working. Moreover, it is effective also in securing the induction 
hardening disposition top effectiveness of B by immobilization in [ N ] steel. However, at less than 0.015%. the effectiveness of the 
above [ the content ] is not acquired certainly. On the other hand, if it is made to contain exceeding 0.10%. the deformability of steel 
will fall at the time of cold working. Therefore, the content of aluminum was made into 0.015 - 0.10%. In addition, because of reservation 
of the induction hardening disposition top effectiveness of B, considering as 0.03% or more is desirable, and if aluminum content is 
made to contain exceeding 0.05%, it is much more desirable. 
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[0028] Base material steel may contain the further following element. 

[0029] Pb: It is not necessary to add 0-0.30%Pb. If it adds, it has the operation which improves the machinability after cold working. In 
order to acquire this effectiveness certainly, as for Pb, it is desirable to consider as 0.10% or more of content However, if the content 
exceeds 0.30%, the deformability at the time of cold working will deteriorate. Therefore, the content of Pb was made into 0 - 0.30%. 
[0030] Bi: It is not necessary to add 0-0.1 0%Bi. If it adds, it has the operation which improves the machinability after cold working. In 
order to acquire this effectiveness certainly, as for Bi, it is desirable to consider as 0.05% or more of content. However, if the content 
exceeds 0.10%, the deformability at the time of cold working will deteriorate. Therefore, the content of Bi was made into 0 - 0.10%. 
[0031] Te: It is not necessary to also add Te 0 to 0.10%. If it adds, it has the operation which improves the machinability after cold 
working. In order to acquire this effectiveness certainly, as for Te, it is desirable to consider as 0.05% or more of content. However, if 
the content exceeds 0.10%, the deformability at the time of cold working will deteriorate. Therefore, the content of Te was made into 0 
- 0.10%. 

[0032] In this invention, P, S, Cu, nickel, Cr, Mo, N, and O as an impurity element are restricted as follows. 

[0033] P:0.015%or less P will reduce the deformability at the time of cold working. If the content of P exceeds 0.015% especially, the fall 
of the deformability at the time of cold working will become remarkable. Therefore, the content of P as an impurity element was made 
into 0.015% or less. 

• [0034] S:0.015%or less S will also reduce the deformability at the time of cold working. If the content of S exceeds 0.015% especially, 
the fall of the deformability at the time of cold working will become remarkable. Therefore, the content of S as an impurity element was 
made into 0.015% or less. 

[0035] Cu: Less than [ 0.10% ] Cu will raise deformation resistance, and will degrade cold-working nature. If the content of Cu exceeds 
0.10% especially, degradation of cold-working nature will become remarkable. Therefore, the content of Cu as an impurity element was 
made into 0.10% or less. In addition, as for Cu content, it is desirable to make it to 0.05% or less. 

[0036] nickel: 0.10%or less nickel will raise deformation resistance, and wilj degrade cold-working nature. Furthermore, descaling after 
spheroidizing is made difficult. If the content of nickel exceeds 0.10% especially, the fall of cold-working nature and the fall of descaling 
nature will become remarkable. Therefore, nickel content as an impurity element was made into 0.10% or less. In addition, as for nickel 
content, it is desirable to make it to 0.05% or less. 

[0037] Cr: Less than [ 0.15% ] Cr will also raise deformation resistance, and will degrade cold-working nature. Furthermore, descaling 
after spheroidizing is made difficult. If the content of Cr exceeds 0.15% especially, the fall of cold-working nature and the fall of 
descaling nature will become remarkable. Therefore, Cr content as an impurity element was made into 0.15% or less. In addition, as for 
Cr content, it is desirable to make it to 0.10% or less. 

[0038] Mo: 0.10%or less Mo will raise deformation resistance, and will degrade cold-working nature. Furthermore, descaling after 
spheroidizing is made difficult. If the content of Mo exceeds 0.10% especially, the fall of cold-working nature and the fall of descaling 
nature will become remarkable. Therefore, Mo content as an impurity element was made into 0.10% or less. In addition, as for Mo 
content it is desirable to make it to 0.05% or less. 

[0039] N:0.005%or less N will raise deformation resistance, and will degrade cold-working nature. Since it is easily connected with B and 
BN is formed, it becomes impossible furthermore, to secure the induction hardening disposition top effectiveness of B. If the content of 
N exceeds 0.005% especially, while the fall of cold-working nature becomes remarkable, the induction hardening disposition top 
effectiveness of B will become difficult to get Therefore, N content as an impurity element was made into 0.005% or less. In addition, it 
is desirable to make it to 0.004% or less, and if N content is made into 0.003% or less, it is much more desirable. 

[0040] O:0.005%or less O will form an oxide, and will reduce the deformability at the time of cold working. If the content of O exceeds 
0.005% especially, the fall of the deformability at the time of cold working will become remarkable. Therefore, the content of O as an 
impurity element was made into 0.005% or less. 

[0041] (B) Spheroidizing is given to it in order to lower the deformation resistance at the time of cold working, after the steel which has 
the chemical composition of a publication in the spheroidizing above (A) is processed between heat. What is necessary is not to specify 
especially this spheroidizing and just to perform it by the usual approach. 

[0042] (C) Cold working, such as cold forging, is performed and the steel materials which have the chemical composition of a 
publication in the above (A) by which spheroidizing was carried out after cold-working hot working are fabricated by the machine 
structural steel worker components of a predetermined configuration. What is necessary is not to specify especially the approach of 
this cold working and just to perform it by the usual approach. 

[0043] In addition, in order to stabilize the hard spot after the induction hardening of the machine structural steel worker components 
fabricated by the configuration predetermined by cold working and to enable it to secure a with a JIS grain size numbers of seven or 
more austenite grain size, cold working is good to carry out so that the amount of processings in the part which the biggest processing 
joins in process components may become 2.5 or less by the equivalent strain express with the following (a) type, and if it is perform so 
that it may become 2.0 or less by the equivalent strain, it is much more desirable. 
[0044] 

epsilon= {(epsilon12+epsilon22+epsilon32) x2 / 3} One half.... (a) 

epsilon 1 [ in / here / the (a) type ], epsilon 2, and epsilon 3 It is the logarithmic strain of a principal direction. 

[0045] (D) Induction hardening is carried out or annealing is given after induction hardening if needed, and the machine structural steel 
worker components which have a desired mechanical property are made to the steel materials which have the chemical composition of 
a publication in the induction hardening above (A), spheroidizing was carried out after hot working, and cold working was carried out 
after that, and were fabricated by the predetermined configuration. What is necessary is not to specify especially the approach of this 
induction hardening and just to perform it by the usual approach. 

[0046] In addition, although the steel materials which carried out induction hardening after cold working twist t/r twists reinforcement 
less than by 0.3 depending on the hardening depth which becomes 400 or more by Hv as the induction hardening depth and 
reinforcement is small, as for the steel concerning this invention which has the chemical composition of a publication in the above (A), 
the usual induction hardening can attain 0.3 or more t/r easily. It will twist if t/r exceeds 0.6. and the improvement in reinforcement is 
saturated, or falls on the contrary conversely, and further becomes easy to produce a quench crack. Therefore, that what is necessary 
is just to carry out so that the value of t/r may be set to 0.3-0.6, induction hardening conducts the preliminary experiment which 
changed a steel type and induction hardening conditions, and, for that rt should just carry out induction hardening based on that result 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran^web_cgi^ejje 



2006/09/07 



JP,11 -269601 A [DETAILED DESCRIPTION] 



4/6 



[0047] Moreover, the steel concerning this invention which has the chemical composition of a publication in the above (A) is adjusted 

so that jcrystal grain may not make it big and rough with the usual induction hardening and a with a JIS grain-size numbers of seven or 

more austenrte grain size may be obtained. For this reason, the variation in the heat treatment distortion by coarsening or hardness, a 

fall on the strength, etc. are not produced. 

[0048] Hereafter, an example explains this invention. 

[0049] 

[Example] The steel which has the chemical composition shown in Table 1 and Table 2 was ingoted using test kiln by the usual 
approach. Steel a-t in the example of this invention and Table 2 where steel A-V in Table 1 has chemical composition within limits 
specified by this invention is the example of a comparison from which either of the components separated from the range of the 
content specified by this invention. Steel r. Steel s, and Steel t are steel which is equivalent to S40C, S50C, and S58C of JIS, 
respectively among the steel of the example of a comparison. 
[0050] 
[Table 1] 
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0.02 


0.08 


0.01 


0.0015 


0.033 


0.067 


0. 0031 


0.0022 






H 


0.42 


0. 05 


0.33 


0.012 


0.012 


0.01 


0.01 


0. 14 


0.02 


0.0015 


0.028 


0. 045 


0.0046 


0. 0017 






I 


0.51 


0. 04 


0.48 


0.012 


0.012 


0.01 


0.04 


0. 12 


0.02 


0.0015 


0. 025 


0.077 


0.0038 


0. 0013 


Bi:0.06.Te:0.03 




J 


0.44 


0.35 


0.35 


0.011 


0.013 


0.01 


0.04 


0.07 


0.02 


0.0013 


0.03B 


0.061 


0.0041 


0. 0015 






K 


0.53 


0.12 


0.25 


0.012 


0.012 


0.01 


0.02 


0.08 


0.01 


0.0017 


0.027 


0. 045 


0.0042 


0.0012 






L 


0.57 


0. 09 


0.18 


0.010 


0.010 


0.01 


0.02 


0.14 


0.01 


0.0015 


0.034 


0.030 


0.0045 


0.0026 
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M 


0.47 


0. 09 


0.25 


0.014 


0.014 


0.01 


0.06 


0.07 


0.02 


0.0015 


0.028 


0.022 


0.0029 


0.0019 


Bi:0. 08 
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0.56 


0. 07 


0.13 


0.011 


0. Oil 


0.01 


0.09 


0.11 


0.04 


0.0015 


0.042 


0.065 


0.0031 


0. 0015 
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0.45 


0. 35 


0.12 


0.009 


0.011 


0. 01 


0.02 


0.07 


0.01 


0.0015 


0. 032 


0. 051 


0.0035 


0. 0020 






P 


0.41 


0. 06 


0.22 


0.012 


0.012 


0. 01 


0.02 


0.08 


0. 02 


0.0018 


0. 042 


0. 062 


0.0042 


0. 0018 
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0.54 


0. 08 


0.35 


0.011 


0.013 


0.01 


0.03 


0.06 


0.02 


0.0015 


0.045 


0. 071 


0.0040 


0.0012 
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0.45 


0.12 


0.35 


0.011 


0.011 


0.01 


0.03 


0.07 
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0.0019 


0.035 


0.065 


0.0025 


0.001 1 
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0.49 


0. 15 


0. 26 


0.013 


0.010 


0.01 


0.01 


0.05 


0.01 


0.0017 


0.033 


0.049 


0. 0029 


0.0014 


Ph:0.15.Te:0.07 
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0.48 


0.00 


0.15 


0.010 


0.011 


0.01 


0.02 


0. 09 


0.01 


0.0017 


0.038 


0.033 


0. 0031 


0. 0022 






U 


0.58 


0.05 


0.28 


0. 012 


0. 014 


0.01 


0.01 


0. 07 


0.02 


0.0019 


0. 040 


0.028 


0.0038 


0. 0019 


Pb:0. 08.Bi:D. 06.Te:0.07 




V 


0.55 


0.07 


0.22 


0.010 


0.014 


0.01 


0.04 


0.10 


0.01 


0.0020 


0.042 


0.082 


0.0042 


0. 0018 





[0051] 
[Table 2] 
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Si 


Mn 


P 


s 


Cu 


Ni 


! Cr 


No 


B 


Kb 


At 
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0 






a 


*0.69 


0.34 


0.28 


0.012 


0.012 


0.01 


0.01 


0. 08 


0.01 


0. 0012 


0.041 


0. 056 


0.0033 


0.0017 






b 


0.44 


♦0.55 


0.52 


0. 012 


0.012 


0.01 


0.05 


0. 11 


0.02 


0.0014 


0. 032 


0. 072 


0.0026 


0.0013 






c 


0.47 


0. 12 


t0. 86 


0.011 


0.014 


0. 01 


0.05 


0. 13 


0.03 


0.0017 


0. 038 


0.044 


0.0037 


0.0021 






d 


0.50 


0.09 


0.41 


*0. 021 


0. 010 


0.01 


0.02 


0.13 


0.01 


0.0018 


0. 024 


0. 078 


0. 0039 


0. 0042 






e 


0.47 


0.11 


0. 19 


0.012 


♦0. 081 


0.01 


0. 01 


0.05 


0.01 


0.0011 


0.021 


0. 085 


0. 0028 


0. 0017 




\t 


f 


0.52 


0.09 


0.24 


0.012 


0. 012 


♦0.15 


0.10 


0.O6 


0.01 


0.0022 


0, 036 


0.085 


0. 0047 


0. 0013 






8 


0.55 


0. 08 


0.47 


0.011 


0. 013 


0.01 


♦0.17 


0.07 


0.02 


0.0020 


0.015 


0. 057 


0. 0038 


0.0015 






h 


0.48 


0.24 


0.53 


0.012 


0. 012 


0.01 


0.02 


♦0.28 


0.01 


0.0019 


0. 012 


0.088 


0. 0048 


0.0012 




<& 


i 


0.44 


0.28 


0.54 


0.010 


0. 010 


0.01 


0.02 


0.10 


♦0.15 


0.0014 


0. 031 


0. 061 


0.0039 


0.0636 






j 


0.46 


0.13 


0.42 


0. 014 


0. 013 


0. 01 


0.06 


0.18 


0.02 


* - 


0.023 


0.045 


0.0041 


0. 0019 






k 


0.56 


0.18 


0.17 


0.011 


0.013 


0. 01 


0.04 


0.12 


0.01 


0.0021 


*0.0O3 


0. 022 


0. 0030 


0. 0015 
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1 


0.58 


0.16 


0.50 


0.010 


0.010 


0. 01 


0.02 


0. 12 


0.02 


0.0015 


0.023 


♦0.001 


0.0049 


0. 0012 






m 


0.42 


0. 09 


0.52 


0.014 


0.014 


0.01 


0.06 


0.17 


0.02 


0.0021 


0. 016 


0.066 


♦0.0090 


0. 0036 






n 


0.50 


0. 37 


0. 14 


0.014 


0.014 


0.01 


0.06 


0.14 


0.01 


0.0019 


0. 036 


0. 045 


0.0037 


♦0.0092 






o 


0.49 


0. 09 


0.39 


0.012 


0. 013 


0.01 


0. 02 


0.09 


0.01 


0.0015 


0. 039 


0. 074 


0.0039 


0.0035 


*Bi:0. 25 




P 


0.42 


0.16 


0.35 


0.010 


0.010 


0.01 


0. 02 


0.08 


0.02 


0.0017 


0.034 


0.065 


0.0046 


0.0046 


♦Pb:0.45 




q 


0.41 


0.15 


0.42 


0.012 


0.012 


0.01 


0. 02 


0.07 


0.01 


0.0017 


0.029 


0. 049 


0.0049 


0.0043 


♦Te:0.18 




r 


0.40 


0.3] 


♦0.76 


«0. 022 


*0. 018 


0.01 


0. 02 


0.08 


0.01 


# - 


* - 


0. 052 


♦0.0053 


♦0.0063 






s 


0.50 


0. 28 


*0.60 


«0. 020 


♦0. 020 


0. 01 


0. 02 


0.07 


0.01 


* - 


♦ - 


0. 056 


♦0.0063 


♦0.0056 






t 


0.58 


0. 35 


*0.74 


♦O.017 


♦0. 016 


0. 01 


0.02 


0.12 


0.01 


* - 


* - 


0. 069 


*0.0061 


0. 0042 























[0052] Subsequently, after making such steel into slab by the usual approach and heating at 1200 degrees C, hot forging was carried 
out at the temperature of 1200-950 degrees C. and it considered as the round bar with a diameter of 30mm. Then, according to C 
content spheroidizing was performed by the usual approach. 

[0053] From the round bar whose diameter obtained as mentioned above is 30mm. the diameter produced the test piece for cold 
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working whose die length is 22.5mm by 15mm, and performed the constraint type **** lump trial between the colds (room temperature) 
by the usual approach by 500t high-speed press machine, the limitation which a crack generates set, and the rate of a lump was 
measured. In addition, it set and to 75%, for every monograph affair, it set, the lump trial was performed and the rate of a lump 
evaluated 5 times of the minimum working ratio (setting rate of a lump) which a crack generates or more in three of five test pieces as 
a rate of a marginal **** lump. What sets and does not produce a three or more piece crack at 75% of rates of a lump ended the trial 
there. 

[0054] furthermore, 60% which is below the rate of a marginal **** lump of all steel types — it set and the deformation resistance in 
the case of the rate of a lump (the equivalent strain in the test piece core where the biggest processing is added is 1.5) was measured. 
In addition, as shown in drawing 1 , deformation resistance was arranged with the content of C, the straight line for which it asked from 
the deformation resistance of the steel r equivalent to S40C, S50C. and S58C of JIS, Steel s, and Steel t was made into the 
deformation resistance of JIS steel for machine structural use, and it compared with the deformation resistance of the steel of the 
example of this invention of steel A-V, and the steel of the example of a comparison of steel a-q. 

[0055] Moreover, from the round bar with an above-mentioned diameter of 30mm. the diameter cut down the test piece whose die 
length is 40mm by 28mm, and the diameter performed between the colds front extruding (60% (it is 1.3 at the equivalent strain of the 
test piece side surface section which is the part which the biggest processing joins, i.e., the test piece outermost layer) of reduction of 
• area) to 17.7mm by the usual approach. After extracting the test piece with a die length of 50mm from what carried out extruding to 
this diameter of 17.7mm between the colds and performing induction hardening to this on the frequency of 20kHz, hardening depth 
(that is, depth of hardening hardening layer) t set to 400 by surface hardness and Hv by the usual approach was measured. 
Subsequently, annealing for 30 minutes was performed at 1 50 degrees C using the electric furnace, and the hard spot after induction 
hardening, i.e., the austenite grain size of a hardening hardening layer, was measured by the usual approach. 

[0056] The above-mentioned test result is collectively shown in Tables 3 and 4. In addition, r in this example is the radius of a test 
piece with a diameter of 17.7mm, i.e., 8.85mm. 
[0057] 
[Table 3] 
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0. 84 


£7 5 
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0 


4 2 


8. 2 
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3 . 
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7 1 2 
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9. 2 
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0. 86 
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9. 4 
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0. 84 
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8. 2 
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7 1 5 


0. 88 


>75 


764 
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0. 


32 


9. 5 
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682 


0. 83 


£75 


744 


3. 


5 


0. 


40 


9. 2 



[0058] 
[Table 4] 
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[0059] What uses as base material steel steel A-V of the example of this invention which has chemical composition within limits 
specified by this invention from Tables 3 and 4 is set to the JIS machine structural carbon steel of equivalent C content, the 
deformation resistance at the time of a lump is low 10% or more, the limitation which the crack as deformability generates sets, and the 
rate of a lump is 75% or more. And t/r when carrying out induction hardening is 0.3 or more, and the hard spot after induction 
hardening, i.e., the austenite grain size of a hardening hardening layer, is [ t/r ] satisfied with seven or more JIS grain-size numbers of 
the target engine performance. 

[0060] on the other hand — the case where steel of the example of a comparison is used as a base material — (**) — (**) which the 
fall cost of deformation resistance is not filled to 10% to the JIS machine structural carbon steel of C content of an EQC — the hard 
spot after (d) induction hardening whose t/r when carrying out induction hardening (Ha) which a limitation sets and the rate of a lump is 
not filled to 75% is less than 0.3, i.e., the austenite grain size of a hardening hardening layer, corresponds to any one or more ** which 
are less than seven JIS grain-size numbers. For this reason, cold-working nature and induction hardening nature are incompatible. 
[0061] 

[Effect of the Invention] Since it excels in the cold-working nature and induction hardening nature after spheroidizing and moreover 
does not coarse-grain-ize with induction hardening, this invention steel can be used as base materials, such as machine structural 
steel worker components and a constant- velocity joint which are the circumference components of a guide peg of an automobile 
especially. This machine structural steel worker component can be manufactured comparatively easily by the approach of this 
invention. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the relation between deformation resistance and the content of C. 



[Translation done.] 
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mzLtcj i s <Dmm&m <p$mmffitt*m 
sterns, mtimmmszn -> x ^^mwsum^o 

[ 0 0 0 4 ] C ©J: 5 ttlfflWettl,. WJH*«IA*itt* 

10 [00 0 5] ^ ^H 1 1 -38847 ^^ffiS^?2 
-47 5 3 6^£3R&CW:. *&B«Bitt*l^±3-e*fc» 
(CS i £Mn©^WS£0£<}flJ;i. C, B. T i . W 

4>"E "5 Ti£0. 02-0. 0 411%^ 

t?&©-C&£„ G^oT. T i mMiVto&VitiiL-C* 

20 mt-^stt*. 

[000 6] «H¥5 - 5 9 4 8 6^<Z^g. #K1¥9 7 
2 6 8 3 4 4 ^¥9 - 2 7 2 9 4 6#<&*&, 

^¥9 - 2 8 7 0 5 4^$S-9>#gg^9 - 2 8 7 0 5 

n/cPkN£g^LT@$B£mKT £fc&KT i 
30 [0 00 7] t#H8¥2 - 1 4 5 7 44fMKB, T i 

x-mm $ nfcis zmmmtxti? z t #a&oMMt# 

fc. B%#3S«ciiSJ©JS^«c«|SI^©«IAni4*Wrs 

B^tsmttt^x-^^cmcD^m&fi^^tcisb. <%r& 

40 *ii&*"y-^©ifrcm*>«:< < . iflxy-jucsB#p^ 
s I- fc d *©ie*«'ii«i«:a ft <o t z c t < 

[0 00 8] 

^*)i3nfc^©-C. ^fel^^Wisbi-rSi^raMX^ 
3tP^^S^An-Cffla{t-r^Ct©Aj:l%{£3^ hm© 

so a. isj^©c^ws©j i s&mm&mmmmic*tL 



3 

#75 %tUrT, igjai&gAft U/cB#(c b* 
(Hv) T4 0 0 tKZMitmZ&t* -mmwrnAtisn 
©¥J$¥iI£r ilt t/r#0. 3£Lt"C**). iSS 

ci^iSm. fete. iSJI«&A;hf£©5!?{bSI5 (& 
AftBMbJI) 4ttH v"C4 0 0feU:4fe.5S|S#©C4 ; & 
fgf. 

[0 00 9} 

[isn^^-rs/ci*©^] **wo»g(4. Tie 
( i ) . ( 2 ) {c^rw«jsaftA*ittcc«*ifc>&iaftix 

[00 10] ( 1 ) C:0. 4 0-0. 60 

%. Si :0~0. 40%, Mn : 0. 10—0. 60 
%. B : 0. 0005-0. 005%, Nb : 0. 00 
5-0. 05%, Al : 0. 015-0. 1 0%£^ 

MIC. Pb:0-0. 3 0%, B i : 0-0. 10 
%. Te : 0-0. 1 0%£$Wb. ggSPti F e Rtf^ 
"JiS^^a^feD. ^6»©P«0. 0 1 5%Jy 
T. SttO. 0 15%«T. CuttO. 1096JWT. N 

ittO. 1 0%«T. CrBO. 15%«T, MotJ 
0. 1 0%feTF. N«0. 0 0 5%tTF. O(i0. 0 0 

[0011] ( 2 ) ll%t, C : 0 . 40-0. 60 
%. Si : 0 — 0. 4 0%, Mn : 0. 10—0. 60 
%. B:0. 0005 — 0. 005%, Nb : 0. 00 
5-0. 03%, Al :0. 015-0. 1 0%£^T 

PB0. 0 15%JiTF, SttO. 015%«T. Cufi 
0. 1 0%WT. NittO. 10%WT, CrttO. 1 
5%fcTF. MottO. 10%«T. NttO. 0 0 5%Jil 
T. OteO. 0 0 5%J^T-c*6i»Si^An'tt«:^<a 
fcftPdMJIJXffliB. 

[0012] ( 3 ) S##±!3 ( 1 ) XIS ( 2 ) (CiEiS 
©fb^fiXSrWL. ^ffc3tafc0afc4Sj4fl-H«WC«A 
ft$£f bJl * <i* « tg*$«tif JBSB a a D . 
[0013] ( 4 ) JMMfflXftiCfttMbftMS tifc±E 
( 1 ) Xit (2) K3E«©ik*iHliR**-r5SI*t*. ft 

* c t «4$nk4 r sttttfltj^»a©»£#ft. 

[0014] fete. ±fE (3) rt»9«A*lBMt«4 
«. gttCj^^fccfc^CcMAn-CH v4 0 0«14«-,fc 

*»©c4*«-r. 

[0015] *»»*6«. &RfUKtt&<C$n»&ft 

4*©»ra*nx{c «t o -cMroxu ^i>-c*jB««An 
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[0016] 0)Mn£WS£ffi<&P;bS4 4 4>K:j&iES 
©Nb. A lRc*B*AA.-CT i *Mt,&l#J, 9 

tt©awttj^rft#cc«Htr«. bfc#-?r. ratf© 

C^TM©J I SWfcftWJSfflKJRWJCtb^rftllBaiX^ 

tctew^»^fs6iti<g<, m>mtim*.% 

[0017] ®Mn . N b , A I RO'BWiilEfe^** 

C4ttfe<, J I SttS»#7«±0*-7f t-f hM 
[00 18] (SC. Mn. Nb. A I &0*B©3SiEfe'Ei 

itmt. *fflaaiSAtit?iWBLfct/r3wo. 3«±* 
n-c^3tt»5fiA<b-r-sc4ti^<. j i s*4g##7 

20 [0019] ©N@5£©«srCT i fcSsftrr SSfl-C«. 
*©J»*{Cffl*feT i N*5^tftL-CteO, %&©&&$ 

[0020] *f893tt. J:iE©J3IJl.CCg-3(,>-r3£fi£3*i 
fcfc©-C*S. 
[0 02 1 ] 

[»W©H*t©»!»] «T. *«W©S»ff«coi»t:# 
KBWJT4. fete, fb^JS»©SW«© r%j « rs 
a%j *.«i*-r*. 

[0022] <a> mttm<Dit¥m& 

30 C : 0. 4 0-0. 6 0% 

cb, w«««Atitt«:iB»*aa-r5a(tt?. «iAns 

■€-©^WS#0. 4 0%*?g-C«aSftI*b*{c2.OI,>. — 
#. 0. 6 0%4ixttW5lf4t. 9^kSi6lt 

fc^tc^bHi-rtc^raftpxt^^bixfc*). wit©* 

fb-*>SSS(lft©#fe£.£&< cms. c© 
SWSSrO. 4 0-0. 60%4Lfc. 
[0 02 3] Si : 0-0. 4 0% 
40 S iM*Uni&<TbJli>. WWTJ-fitf. i0©lft&©£ 

^bsiy^fi^jga&s^*!**. commz&mtic® 

ZlClt. SiiiO. 0 5%li(±©^WII4^'^C4AW 

x, s i A^jn3*i/c»«. ^,r B iAnx©/c*© 

i O,) *^-r€»©t?. *©BWS (1 1 7 3-C) JiLh 

icJragi-rtitf. Mx^r-;K4*5e«?)rm»cc^^ 0 c© 

1*11. &{C. Si©#WS*S0. 1 5%?rlifcli^ 
(cA#t^. L-A^L. ^-©^fi*5, 0. 4 0°^gx.4 

4f£RiMraxB#©^fid#*# < fe^r^ra?iDXl4©<6 

50 T^^S<. l>/c# 0 -c. Si©M15:0-0. 40% 



5 

[0024]Mn:0. 10 — 0. 6 0% 

0. 6 0%*iB^4i, SBB^^*<tt-?T»IBJni 
XttCD^fb^t/cTo W^r, MnC0^Wfi£0. 
10-0. 6 0%£L/c o Mn^WSteO. 10 

-0. 4 0°/oinci»ILK 
[0 02 5 ] B: 0. 0 0 0 5-0. 00 5% 

WS^O .000 5 %*«-CW?fiMft*5C2U^. - 
0. 0 0 5%*a*r«W3**t*©SS»3Mft«l 

t. B(Z)tWM0. 00 0 5-0. 0 0 5%£Ufc 0 
[0026] Nb : 0. 005-0. 05% 

Nbtt; terairaxtt*** < tmrz c <t ft < ftiKtS 

l . ^<d^ws# o . 005 %*«-r «^facwa* 
#»e>ttttt>. — o. 05 %£&*&£, a^fita 

tc&r>~C, Nh©SW14 0. 005-0. 05%iU 
fco tt*J, NbtWl©±K«0, 0 3%i«C<!:^ 

*?gu<. o. o 2%<fc*rn«— »jf*u^o 

LC>Nb#WSQ±Rgtt0. 0 1 5%^6o 
[002 7 ] Al :0. 01 5-0. 1 0% 
A Hi, KWEfflfcWr*. HOC, a{t«!**«L/r»| 

-E^^WS^O. 0 1 5 965KSrtt±K©S»»^«fll*C 

«f# e>n&i>o — o. io%^rM5^ 

A1©§WM0. 0 15-0. 10%it/c o ^fc, 
SteO. 0 3%t(±<bnc<b^U<, 0. 0 5% 

[002 9] Pb : 0-0. 3 0% 

flnx^o^figs&i^kurus^o u^ot t Pbo 

^W*£0-0. 3 0°/oiUc 0 
[0 0 3 0 ] B i : 0-0. 10% 
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b i tt»aibtt<T&Ai>. mmrtxii* ^HsnxacD 

LC^o L*U ^CD^WS^O. 10%^a^^<b^H 
ttlXI*DRJg«B**3e{btrU*5. U^oT, Bi© 
MM0-0. 1 0%iO/c e 
[0 0 3 1 ] Te : 0-0. 1 0% 

10 tc«, TeliO. 0 5%tLL©^WS£T£C<h3W£ 

JnXI*O«0«63&53eftLrO*5. Ucdm, Te<D 
MM0-0. 1 0%iL/c o 
[0 0 3 2 ] *»BCC*H,*Ttt, 7Mft7cX& LX<D 
P, S v Cu t Ni x Cr x Mo v NR^'OSrTifiOd: 

[0 03 3 ] P: 0. 015 %£TF 

PO«W0. 0 1 5%£iBx&£. ^JTOXB$(0^ 

tOPOMMO. 0 15%«TiU/t: 0 
[0 034] S : 0. 01 5%«T 

sfc?&pa»nx^©^fig^<£T$ifru^^ 0 »cc, s 

<D^WS# 0.015 %£&* & <t , ^ JjDXHfQ^ 

cDSCD^fi^rO. 0 1 5%tTF<hLfc. 
[0035]Cu:0. 10 %J£JT 

5 0 mc. CuQMt^O. 1 0%£jfix£<b v #13 

30 flnxtt©«{b&«»u<tt5. ifcjd^r, ^mm^mt 

LTCDCuO^WS^rO. 10%HTil/c 9 «c*5 % C 
u^WtUO. 0 5%WTCcr€»Cc!:^*Ol^ 
[0 03 6] Ni : 0. 1 0%Wf 

n i «*3Baas**«>r?&iBiaixtt**<t3«r i/* 

oT, ^»»S*iU©Ni**i%0. 10%fcTF 
a/c. Ni^WI^O. 0 5%«TCc-r^Ci 

40 #ST*Ll>o 

[0037]Cr:0. 1 5%KTF 
C r t>*J?JBaS*J*»-C»fB»PXtt*^bS^r 
5. »c. «tt<b«ttacD^^r-;H»**HlSK:r4. 
Wtc. CrOMi^O. 15%£j©x.£<t, »M»DX 

ot. TO»7C»ilt©Cr«*M0. 15%«T 
ilt «c*$ k CrSWMtiO. l0%«T«:l*^C<b 

[0 03 8] Mo : 0. I 0%tTF 
50 Mott^aaS*W«&r»IB»lXttSr*jbS^-CL* 
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0. Jftc, S6K{t*tt»©X4r-*|*£*BH«:-r.5. * 
<fcte. Mo©^rM#0. 1 0%£fflil££. ftBfllJDX 
14©<gT£ **-^l&4tt©{gT*ig L < % •&„ 

tbtc. ftfc. MoMlttO. 0 5%WT4C-T.2,C<t 

[0039] N: 0. 005 %«T 
N«. ^«5t5r!llJ?)r^raJ]nXtt?r^t,3-tfr Lt 

Sfc. ^ctB<tteD^i,>TBN£j£fi£-f£©-c. 
b (ommmMAti&fo ±$hmmmx z & < % s . « 10 
fc. n©^*«*5o. o o 5%=&aA^<t, ^tinitt 

©<ET#« (CB ©.a jffi&Ani*fe|6]±$J 

3LW!llt< fc£ 0 LtcW-,X. *&®7mtlsX<DH^ 
W*£0. 0 0 5%OTilfc. fcfc. N^WStJO. 
0 0 4%«TKt5CiWIL<, 0. 0 0 3%JWT 

[004030:0. 005 %«T 

tl*^. O©^rS#0. 0 0 5%4S^.5 

^»ax^©^eg©iST*^b<^s„ 20 

t, Wfii&^cSt LTCO©^*^. 0 05%«T* 

£= { (£,'+£,'+ £,') X2/3) ' 

CCt, (a) sStcfcW-S e, «X}5"|Sl© 
[0 04 5] (D) mmi&MXti 

bosb (a) sciais©{t^ia^?:Wb. «siBWniacc»tt 
«ji4S ; &w-rs<t«ifigffla5 a a a«cf±±tfe,ns„ c©« 30 

^jR«Ati©^««F(c«S3ns*>©^«*< . MS 
©^■Ctf^tfS^. 

[004 6] ttfc. »|BH)pxa{CjafH»«tAtilxfc«« 

©8? ig®jg^Anai$<bbr©Hv-c4oo 
ffom^hst^. iria (a) tciat^fc^HES^w 

0. 6*e*si«*)?se[©isi±wfs?o-rs*>. jiccin 

oTffiTU Mfc. *BHti6£G8<tt4. Ufc**o 40 
■C. iSJ^ig&Afttt. t/r©fif#0. 3-0. 6(C& 



1 1 -26960 1 

8 

tlfc. 

[0 04 1] (B) £fc1#{t&& 

±ia (a) K.§&ww<t^i£zm-rzmizma?ii(HL2 

Ci^c < , m%(Djmxftz.t l m*.\ 

[0 04 2] (C) fclHiHX 

*Ifi££WT SMtttt. ttMftfitt t'©^raflDX*sffi3 *a 
^^©^©tS^^fflgPo'iKi^Sn^o C©#B 

ipx©^«#{c^$tisfc©t?«^< . as©*a 

[ 0 0 4 3 ] &*s. »BHmX-CBf3e«0»tt«CR^3*ifc 

I S&gS^ljLk©*-;*-?-:^ MSAttR«Kft-C 
*S J: 5 ic-fZtcsblc, ^P B 1ttJXt*«tJjDXgPp D a{cte^-r 
**>A#^»ax*5fln*D^g|5^--c©»axfiA5Tfe u> ss 
T* S ft S tl^^T- 2 . 5 JiTF £ left *> ©#& 

<. m^MX2. 0Ji(Ti^-5«fc^«ctf^«— 

[0044] 
/« .... (a) 

swa»Ati:i-ft«ai». 

[ 0 0 4 7 ] X. WE ( A ) KiBIS©{t¥«fiJt*W^4 
**Wtc«4»«. iiS©i^JHig^Anr-*aAifi*3*lA 

ft? J I SttflSH»7«±©:*— X-f + 

t ©tot>. Aiftffi Aibtc <£ £ JR*oa2*«>iii s o/t 5 

[004 8] «T. ^ISfeWcJ; *D ^W&SiWT S. 
[0 04 9] 

[**&{*!] &1. « 2 K^*{Ms«js*:ftr 

iba -vwt¥mi&*&wx-mm? essence*** 

f?2 KteWSSa ~ t «rj&5>©l,>-f ft*>#*PI 

^-r«^-r?>$ws©SBH^6Ji-n/tits3{fi|-c*€» <> jt 
$m<Dm<o'>*>mr , sas&o'ssu;* -eft-eft j iss 

fg©S4 0C. S5 0CSD>'S 5 8CtC^rS^-C* 
£„ 

[0050] 

[an 
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9 10 

3? 1 





ft 




it 




9* 








J$ 






F eisXxf^m* 




c 


Si 


Mn 


p 


s 


Co 


Ni 


Cr 


Mo 


3 


Kb 


Al 




o 






A 


0.45 


0. 14 


0.18 


0. 012 


O.Oil 


0.01 


0. 02 


0. 12 


0. 01 


0 0020 


0.088 


0. 067 


0 0041 


0. 0028 






B 


0.42 


0. 18 


0.25 


0. 010 


0.009 


0.02 


0.03 


0. 07 


Q Ql 


0. 0021 


0.034 


0. 071 


0. 0035 


0. 0017 


Pb:0.25 




C 


0.55 


0. 06 


033 


0. 014 


0.012 


0. 01 


0. 01 


0. 15 


0. 03 


0.0015 


0.028 


0. 027 


0. 0047 


0. 0014 






D 


0.41 


0. 08 


0.56 


0.011 


0.011 


0.01 


0.05 


0. 12 


0. 02 


0 00]5 


0.019 


0. 071 




0 Q021 


_ 




E 


0.40 


0. 12 


0.31 


0. 012 


o.ou 


0.01 


0.03 


0. 07 


0. 01 


0.0016 


0.041 


U. UUD 




f> rims 






F 


0.58 


0. 08 


0.22 


0.010 


0.014 


0.05 


0.02 


0. 12 


n ni 


n nn^i 

v, W&l 


0. 019 


u. \JOif 




U. UUl 0 


Pb:0 16 Bi :0 07 




G 


0.37 


0. 35 


0. 15 


0. 000 


0.010 


0.01 


0.02 


0. 08 


n ni 


U. W 10 


0. 033 




n nun 


V. K/V66 






H 


0.42 


0. 05 


0. 33 


0. 012 


0.012 


0. 01 


0.01 


0. 14 


U. U6 


u. UUIO 


0.028 


U. 




U. UvJ / 






I 


0. 51 


0. 04 


0. 48 


0.012 


0.012 


0.01 


0.04 


0. 12 


A M 


A AAI c 

U. UUlD 


0. 025 


ft mt 

0. 077 


ft 


0. 0013 


Dl - V. Vv, le u, vO 


& 


j 


0. 44 


0. 35 


0 35 


0. Oil 


0.013 


0 oi 


0. 04 


0. 07 


0. 02 


V. 1 0 


0 nan 


v. VOl 


n fVfMI 
\3. v\rtl 


V. WIO 






K 


0.53 


0. 12 


0.25 


0. 012 


0.012 


0.01 


0.02 


0. 08 


0.01 


0.0017 


0. 027 


0.045 


0.0042 


0.0012 






L 


0.57 


0. 08 


0.18 


0. 010 


0.010 


0.01 


0.02 


0. 14 


0.01 


0.0015 


0.034 


0.030 


0.0045 


0.0026 




m 


M 


0.47 


0. 09 


0.25 


0. 014 


0.014 


0. 01 


0.06 


0. 07 


0. 02 


0.0015 


0.028 


0.022 


0.0029 


0.0019 


Bi:0.08 




N 


0.58 


0. 07 


0.13 


0.011 


0. Oil 


0.01 


0.09 


0.11 


0.04 


0.0015 


0. 042 


0.065 


0.0031 


0.0015 






O 


0. 45 


0.35 


0.12 


0. 009 


0. on 


0.01 


0.02 


0. 07 


0. 01 


0.0015 


0.032 


0. 051 


0.0035 


0.0020 




09 


P 


0.41 


9. 06 


0.22 


0. 012 


0. 012 


0.01 


0.02 


0. 08 


0. 02 


0.0018 


0.042 


0.062 


0.0042 


0.0018 






Q 


0.54 


0. 08 


0.35 


o. on 


0. 013 


0.01 


0. 03 


0. 08 


0. 02 


0.0015 


0.045 


0. 071 


0.0040 


0.0012 


Tb:0.04 




R 


0. 45 


0.12 


0.35 


0.011 


0. Oil 


0.01 


0.03 


0. 07 


0.01 


0.0019 


0.035 


0.065 


0.0025 


0 0011 






S 


0. 49 


0. 15 


0.26 


0.013 


0.010 


0. 01 


0.01 


0. 05 


0.01 


0.0017 


0.033 


0.049 


0.0029 


0O014 


Pb:O.I5.Te:0.07 




T 


0.48 


0.09 


0. 15 


0.010 


0.011 


0. 01 


0.02 


0. 09 


0.0! 


0.0017 


0.038 


0.033 


0.0031 


0.0022 






U 


0.58 


0. 05 


0.28 


0.012 


0.014 


0. 01 


0.01 


0. 07 


0.02 


0.0019 


0.040 


0 028 


0.0038 


0.0019 


Pb:O.O8.Bi:O.06.Te:O.O7 




V 


0.55 


0.07 


0.22 


0.010 


0.014 


0. 01 


0.04 


0.10 


0.01 


0.0O20 


0.042 


0. 082 


0.0042 


0.0018 





C0 05 1] *20* [312 ] 



M 2 





m 






it 










ffi 




f& 










C 


Si 


Mn 


P 


S 


Ca 


Ni 


Cr 


Mo 


B 


Kb 


Al 


N 


0 






a 


*0.69 


0 


34 


0.28 


0. 


012 


0.012 


0.01 


0. 01 


0.08 


0. 01 


0. 


0012 


0.041 


0. 056 


0.0033 


0-0017 






b 


0.44 


*0 


55 


0.52 


0. 


012 


0.012 


0.01 


0.05 


0.11 


0.02 


0. 


0014 


0.032 


0. 072 


0. 0020 


0.0013 






c 


0.47 


0 


12 


♦0.88 


0. 


011 


0.014 


0.01 


0.05 


0.13 


0.03 


0 


0017 


0.038 


0.044 


0. 0037 


0.0021 






d 


0.50 


0 


09 


0.41 


♦0. 


021 


0. 010 


0.01 


0.02 


0.13 


0.01 


0 


0018 


0.024 


0.078 


0. 0039 


0.0042 






e 


0.47 


0 


11 


0. 19 


0. 


012 


♦0-081 


0.01 


0.01 


0.05 


0.01 


0 


0011 


0.021 


0.0S5 


0.0028 


0.0017 




It 


f 


0.52 


0 


09 


0.24 


0. 


012 


0.012 


♦0.15 


0. 10 


0.06 


0.01 


0 


0022 


0. 036 


0.085 


0. 0047 


0.O013 








0.55 


0. 


08 


0.47 


0. 


Oil 


0.013 


0.01 


♦0. 17 


0.07 


0.02 


0 


0020 


0.015 


0.057 


0. 0038 


0.0015 






h 


0.48 


0. 


24 


0.53 


0. 


012 


0.012 


0. 01 


0.02 


*0. 28 


0. 01 


0 


0019 


0.012 


0.088 


0. 0048 


0.0012 




& 
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